Evidence has been adduced that regulation of blood-sugar concentration by the pancreas is subject to vagus control, as shown by direct vagus stimulation (de Corral, 1918; McCormick, Macleod and O'Brien, 1923; Britton, 1925) and by use of pilocarpine (Clark, 1924 (Clark, , 1925. More recently La , by means of a temporary anastomosis between the pancreatic vein of a normal dog and the jugular vein of a depancreatized dog, has demonstrated a decrease in the blood-sugar of the depancreatized animal greater than can be accounted for by mere dilution. Using the same method of crossed circulation, Zunz and La injected glucose into the blood stream of a normal donor and found a consequent reduction in the blood-sugar of an adrenalectomized recipient. By means of an "isolated head" preparation, they showed that an increase in the concentration of sugar in the blood supplying the head, produced an increase in the sugar reducing element in the blood of the pancreatic vein.
In the experimental work here presented we hope to show, by another method, that increase in the blood-sugar has a definite stimulative effect, either directly or indirectly, on the internal secretion of the pancreas. To this end we have examined the electrical changes induced in the pancreas by the injection of glucose.
The first application of the electrical method of investigation to the study of glandular phenomena was made by Bayliss and Bradford (1885) and later Bradford (l887), on the electrical changes in the submaxillary gland produced by nervous and chemical stimulation. Cannon and Cattell (1916) verified this work and investigated the electrical changes in the thyroid gland following stimulation of the cervical sympathetic nerves, and those produced in the pancreas after the injection of secretin. Gesell (1916, 1918, 1920) , Bernard and Schulmann (1918), and Rabl (1922) have also studied the electrical changes of the submaxillary gland during activity. Anrep and Daly (1921) found a definite action current in the pancreas following secretin injection. Only healthy cats, weighing 2 kgm. or over, were used. The animals fasted for 18 to 24 hours before use and the stomach and small intestine were regularly found to be quite empty.
It is essential that the islet tissue be in as near the resting state as possible before the observations are begun. The factors influencing the condition of the islet tissue are not definitely known, but in our work we found that the glycemic level should be as near normal as possible.
Practically all the data presented here have been obtained from cats under amytal anesthesia. Page (1923) noted that amytal does not affect blood-sugar level, yet gives a satisfactory preparation. This has been confirmed by Britton (1925 ), Albritton (1924 ), and Edwards and Page (1924 . A solution containing 65 mgm. of amytal per cc. was prepared as described by Page (1924) and 1 cc. per kgm. was injected intraperitoneally.
With reasonable care the animal experienced no stage of excitement and the blood-sugar was found to be quite normal at the first observation.
To minimize the amount of anesthetic required, the amytal was supplemented by local infiltration of 1 per cent novocaine in the region of operation.
Chlorolose and decerebration were also trie.d but were found to be unsatisfactory.
The cat, anesthetized with amytal, was placed on an electrically heated pad and the mid-line of the abdomen infiltrated with novocaine from the xiphoid half-way to the pubis. The skin over the femoral vein and a small area in the groin were also infiltrated.
The abdomen was opened by a mid-line incision in the anesthetized region, the omentum pushed upward, and a loop of duodenum with pancreas attached was brought into the wound.
The common bile duct was identified and the duodenum opened longitudinally for about 2 cm. below the entrance of the bile duct. The papilla of Vater was identified by putting gentle pressure on the gall bladder.
A glass canula was tied in the pancreatic duct and the intestine closed by continuous suture.
The loop of duodenum was attached to a bent glass rod by means of ligatures, which fixed the pancreas beneath the incision, free from contact with other viscera.
The right femoralvein was dissected out and kept moist by a normal saline sponge.
As a contact for the indifferent electrode, Waller (1903) and Cannon and Cattell (1916) have shown the advantages of using subcutaneous tissue. Cannon noticed an annoying tendency of the galvanometer to "drift' ' if the indifferent electrode is near the other one. The groin makes a very satisfactory place for the second electrode as there is no active tissue beneath it and the location is remote enough from the other electrode to check the "drift" tendency. Areolar and connective tissue were therefore exposed by a small incision in the left groin.
The electrical system consisted of a d'Arsonva1 galvanometer, a storage battery, a Wheatstone bridge, pole reverser, variable resistance, and the electrodes.
The same electrode was always placed on the pancreas and In the first experiments the apparatus was used as illustrated (see fig. 1 ). Later, a duplicate complete was set-up Tn this added to record simultaneous currents from various the activity of the pancreas was compared with that organs. of other WaY organs, e.g., duodenum, muscle, submaxillary gland. Two types of electrodes were used during the course of these experiments. The first were made as described by Mines (1913) and consisted of a zinc electrode in saturated zinc sulphate solution. Such an electrode is subject to some disadvantages. It must is difficult to obtain; and be remade frequently; uniformity of resistance ? most serious of all, the zinc sulphate tends to seep through to the tissues producing marked changes in the galvanometer deflection. The other electrode used was a modification of the original Ostwald (1900) calomel electrode, described by Alvarez (1924). Such electrodes last indefinitely and have an average resistance of 1,500 ohms each. No difficulty with polarization currents has been encountered. Blood was obtained from the right femoral vein by means of a syringe calibrated to deliver exactly 0.5 cc. Blood-sugar determinations were made by the method of Folin and Wu (1920) , slightly modfied for 0.5 cc.
instead of 2 cc. The loss of blood was reduced to a minimum.
Normal variation. At the beginning of an experiment the galvanometer often shows a tendency to "drift" in one direction or the other for several minutes before becoming relatively stationary. of relative electric stability, with minor variations state Thereafter this of 0.03 to 0.06 m. on the galvanometer scale, may be maintained throughout the experiment if nothing is done to the animal. Usually the death of the animal is heralded by a shift of the galvanometer, sometimes as much as an hour 736 W, J. GERMAN AND J. S, BARR before death occurs. Figure 2 shows about an hour of rnormal variation, followed by a half hour in which pre-mortal changes are occurring. reading. After the third injection, however, a rapid deflection occurred, accompanied by a more rapid fall in the blood-sugar.
Reversal of sign has been noted by a number of observers, among them Waller and Cannon. Figure 7 illustrates such an instance. It occurred but rarely during our observations. Figure 8 represents a statistical study of 40 consecutive experiments in which glucose was injected.
The curve was derived by averaging the galvanometer deflections obtained at five minute intervals after the injection of glucose.
The form of the curve is materially altered from that found in the individual cases by the variation in the latent period in the different experiments. In a few experiments, two other sugars were used, i.e., fructose and galactose. Each of these produced curves quite similar to those obtained with glucose but with slightly longer periods of activity.
To decide whether the electrical change was due to stimulation of the islet tissue by glucose per se, or merely some physical effect of the injected material, a number of other substances were tried. Tap water, normal and hypertonic saline, urea and glycine have been repeatedly injected into the femoral vein with no associated electrical response in the pancreas.
The response is not due to a change in the rate of external secretion. In many experiments the pancreatic duct was cannulised and in no instance did external secretion follow injection of glucose. In confirmation of the work of Cannon, and of Anrep and Daly, injection of secretin intravenously gave a typical action current coincident with a flow of external secretion from the pancreatic duct. Figure 9 depicts such an experiment. When the flow of pancreatic secretion ceased, glucose was injected.
No further secretion (external) occurred, yet a curve somewhat similar in type was obtained.
The most plausible explanation seems to us to be an altered activity of the islet tissue.
The deflection of the galvanometer is not due to the spread of electrical changes from the duodenum.
The small intestine of cats under amytal anesthesia usually exhibits easily visible peristaltic waves.
The double galvanometer set-up, described previously, revealed no correlation between the electrical activity of the pancreas and that of the duodenum. Figure 10 illustrates such an experiment.
That the response of the pancrease is specific is shown by figure 11. In this case the electrodes of the second galvanometer were placed on muscle.
If the effect of the glucose injection was merely due to systemic disturbances, some parallelism between the effects on the two recording systems might be expected.
There was none. In passing, it may be of interest to note the reversal of sign in this curve.
Other glandular tissue does not exhibit the same response as the pancreas. For these studies the submaxillary gland was chosen because of its accessibility and because its normal electrical response has been carefully observed. Figure 12 shows that secretin injections produce no definite changes in the submaxillary gland. Pilocarpine, however, excites the secretion of both pancreas and submaxillary gland and comparable curves are produced in each set-up after its injection.
We wish to acknowledge our indebtedness to Drs. W. B. Cannon, A. C. Redfield and R. P. Stetson for valuable assistance and suggestions rendered during the course of this work.
SUMMARY
A series of more than fifty experiments has shown that intravenous injection of glucose is usually followed, after a variable latent period, by a definite change in electrical state of the pancreas.
